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'08" Ct= tngrrbi Rtesrch Bluoy "RUM" Remote Underwater Manipulator

05., A 45-loot. square vessel dlsplactag RUM is a remotely controlled, tracked sea
t' n-el18C• n 0a, ceveloped by theMarine floor work vehicle which has been developed under
, .. tra:ry to eerve projectts at the labo- the spon•• )rship of the Office of Naval Research at

".-•',-hch wiL~. ie •launcb, retrleval, 'lplan- the Marine Physical Laboratory for use as a re-
• '! lng af Irgv equipmients or ."ateniz In search tool in sea floor technology mper1•vmt3, .

~ '~c~Am. A~~g d esie are-
PNV (re.e..z •, mderuater rmtalpula- The bldl, tracks rid suspeislnti system of

;:v.,ed, bottom crawling vehicle. the RUM vehichA, are thaoo of at "ONTC6, "a surpluo
2. ".en*t, Laboramr,"; an electronic Marine Corps tracred rifle.

*, •:-,-•aI2 &Aa tr.nsatmelnm center, remotely
1 -a -,'f! •.a'-Va Ined o the sea floor. All power, telemetryfor coutrol and inutru-

1. Arogtje X;,r rUcerC nd h rydrophe mentation, sonar; na-' .tion aids end television are

* t[: r�,> .transmitted over the single coaxial umbilical cable
fI cnc t.... ot i , ORB i8 de•=iped to ccnnecting the RUM tD ORB.

it ra '- Žitiin of *)wý sea Suziface as closely al
.- l r to sfr,,1,tytje task of placing ad The vehicle it propelledt by two Indepc,1-

., T I 0ar f objefýt In td% ocoup. "Ve vesmel ently i*ntrolled revirsible 7-1/2 horsepower dlrezc
-is Z erer, wtDJ of V, - bty 2-foot ar-ca which can current motors, one driving each track. Other

w ,.i, t ,rmtt equ- )mrent to be lowerej t'rodtuh equipment includes two television cameras, eight
Z-. oad up to 12 tois are pately hand~ed w-.,i a 500 watt lights, a scanning sonar, depth sounder.

,,-yszc rhat ribch,des ' number of iutomatic cot~tol ncgnetic compass, an acous•* transponder navi-
'.,d con be lowsred to a maximum dep•th of gation system and nam•moue other kinds of Instru-

.-0, ,) ftet. .The up••l- , vrg cz.ble also rerveis si- mentatlon to monitor operattonMt conditions.
nw-aIm-uly t tans~rwt as much as 30 kiloviatts of

er .n- , rmTe r eoz(e'.4,vptnenr. and to• return from All of the electrical and electronic com-
* i a 1:.7 daa, twiludlng ufevtsion video sig- ponents with the exception of the TV cameras and

.lils are Immersed in oil and operate at ambient
pressures of up to 5000 psi.

ORB Li 24 feet high from keel t helicopter
,*-ýYt T has noi ef Se-lfproptllclon and taust Tke mantpulatcr is capable of working off
!, twed to and from ep-reAiag arcee. 'P. vessel of eitber side or to the rear of the veh.zle and Is
a.,& pe t wka fti diel -enreing sets to ptrovide capabl of ezerflng0poundv of force in apy dirctctlon
.~ki•viu of ectrlc.i power. 0'Se equtpment at fl arno length. IT addition the manpul-Ator

ii ,cku :. ajrml arr imt of navirtion uldA, boom is equI.d with a hook capable of lifting loads
=rr';oU',i=: ;d safety equipment. lt carries off up tr IOO pound# and moving them about on the

ar , wa'rr ,nr a stay of u to 45 days while ocinn floor. 'Me mantpuwsror boom swIA, in an
-,,r~z-d cm .ta.,n. ?er "-'nel rotattor. at ses where arc ef atvout 3X0 around a ktig post locttei aI thl

t r* y bt dtrf c lhed by elthev small rear cater of the 'ehicle. be boom is raised ant
bAt. bce't cc- lowered by a mnotor-dr~ven wIre rope topping lift.

-acst Av....... .. i, lI CO ntnnued on back coverI
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SEA FLOOR TECHNOILOGY

REPORT No. 2

ORB - RUM OPERATIONS
MARCH T1HROUGH AUGUST !970

Victor C. Ander-ion

Daniel K. Gibson

•, University of Califoinia, Sin Die•er
Marine Physical Laboratory of the
Scripps lnstitutius, of (k..eanographyl

San Diego. Caliiorn!,q 92152

ABSTRACT

Three successive operations with the ORB - RUM sea
floor work system in water depts, of 100 to 3300 feet
are described. Operatienal experience gained, tech-
nical problemb encountered anM their solutions are
areas of particular interest.

introduction ments on the floors of the '-a Jolla Canyon and the
San Diego Trough over which a total of 4400 feet of

The ORB - RUM sea floor work system has traverse were logged. Thelongestsingle continuous
been taken to sea four times for the express purpose operation was on the floor of the La Jolla Canyon
of gaiiing onerational experience and for system lasting 29-1/2 hours on August 5th and 6th.
test, evaluation and debugging. The first operation
was conducted lnJanuaryl970and hasbeendescribed Of the 115 hours total operation, approxi-
in detail in a previous report.!/ The other three mately 37 were devoted specifically to exploratory
are described herein, maneuvers designed to develop 4 improve oper-

ating .kills and techniques. Twent% five hours were
By August 7th RUM had logged a total of 115 spent in maneuvers providing a free field calibra-

hours of operatinn on the sea floor out of approxi- tion of the magnctrc compass. Twenty-four hours of
mateiy 350 knurs on station at sea. Of the total search and recoverv exercises were carried out.
operating houri, 55-1/2 have been in shallow water Twenty hours were devoted strictly to fnictional
of 40 to 150-foot depth where 51, 150 feet of traverse checko-stof the system and about aizchours of mani-
over the bottom were logged. Most of the shallow pulation have been logged.
water operations were on firm sandy bottom where
RUM could serve as a mobile anchor towing ORB ,hallovi Water Operations - March 14-20
aloWg on the sea surface above. In addition some
limited experience m'nneuv..ring in soft silt and over The chart JFtgure i) shows the three areas
cobbles was also gained. ii whichoperations wer2 conducted. The first area.

for the March 14th. 15th and March 19th and 20th
Deeper operations a- 1200 to 340th-oot depths operations located at ;'17012'W. 32032.5'N, was

accoant frr the remain~ng 59-1/2 hours on the bot- chosen for its relatively flat. medium randy bottom,
tom. These operations were in the very soft sedi- and for !ts near shore location with good landmarks
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Filg. 1. Operiting arv:is.

for visual verification o'. base li.nes selected for the taffed b%~ drawing ai tine throtigi1 the plotted start and I
placement of aco-istic navigitiunal transponders. finish 1xisitions. Theli comp-as,; cai~bration obtained
The primary objective of this operation was to oh- by dirawing a soinoti, cu r% % thirough thes.e 22. 50 dataI
tain a free field calibration of the RU1,6 magnetic Points is I-tnvn in Fnr'2. Distance travtied ýns
compass. The flat firm bottom made it possible to indicated by track hxirnscoh~r.ts ontllevehicl.?. ag~retwl
hold the RUM vehicle on a steady compass headingj % ---y well with dist-,nce between plotted positions.
over large enough distances to obtain a rcason-ably All errors were less thin K_.
accurate compiss ca~ffrat~on by cornparison wlih
the track of the vehkicelyosltion as obtained from the ryiring thi'q LltitrC eXerciso of over 22 !"it-r.
well -eitabli.shed tr3nspo;;der field. RUM was drivur RUM was operatedA with a track pre,;sjre of 1. 5 to

on muagnetic compass headings of0WO". fl2, 50, 04i . .7 p.t (catle tcnision of 3 tc, 6 thousand potinds).

067.5c and so on at 22.51 course chaingcs to3 37.5-. . Ital distatie of over 3 -! '2 miles was d. ivokiwitnI
Adistance of 700 feet or morc was driven on ecah Rlt.Mi twving ORB alenog on thle sea surface overlizad.

course with position plottedl at the begitining a ix end
of each run b-., measuring range to the three tran- heacouistic trar~spondclr-, were eqluippied
spaniders. T1he tr.ie conirse of the vehicle was oh- with surface floats. attached b\, lino. for camv
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61ft't.-A-. cr-.l ovaill cligmlitg was zmecpt awav in, 1the dowv

thr~e victtlrar %rwn arid ttimant acum a',91

th'ý- tracks.. th-:ý veidcle weight im-rcasvtl f'~rtniag

tzrtr-tcr dsixt.1tw acclimulatioa. Vi wbc p-i-nk the

c~~c hsl.-twnt aci dowit iJtf lift os*. hiny',ig: a depthf re-
laiicd prob*- :d - d~i pouvr ci-no±A1 <o-Zctors in RUM

forc* 43 al ',ITI termi:33zon 411 tt-.C.e teits, a goodz
cw.o o"o (A- ,." )W . delef vdm4t~ expere-cc uwasgriied duingti'e one,

'*~" ~ "'~ ~ ~'1' hor ut opefation in the untamiliar deep scditnents..

Fig. 2. Comnpass5 casl-bratirm rz~ver Corticter Fali~res

teoveryr. [Airiig the reco;ety operation. RUM was Vpoz return t-. port. a careful inspectic-n re-
dtiven rigilt up to each tratisp'9nd-m %-a t~tat the gur- voalei that all power control conuactur fahires.
face float could Wa picked tip from the deck ofORli Kwich Imad occurred during this Vist de-ep test of *he
with a boat hook. Tle water depth ranged from 110 vehicek. were asisociarcd with a particitlar Zype of
to i20 feet. ccintactor. These were t.nund to ;iave Iviliv burned

conttrcts and exten.-ve carihondepksit bul'4-up in the
Deep Watt-, Operations - Matrch~ 21 contact areaj. even to the point of actually bridging

; crass the cjnfacts in some cases. ALI coiflictorfi
Thei first dftlp test of RUMI was :.arried our of this rype used (or power control were replaced by

on he felloying div. Nbtch 21st. ;n 3300 feet of aoother tipe having la rtr contcts aml wtoer ccai:
water ai I t7 -26. 15'%V '3'-3N ORB was held in tact spxacing. The type as.d for replaicewcuet r-,*
position by a single ,lint deep -ror ditring this seeMe -1trictiv ort the ~i I.that sevcral a ?
operationi. ready seent limited service 'in the vehicle7 wittaiut

faIlure utp to this dateý.
n' vi.?wlng in the mid-watnrr depths on the

way to the hxottmm w:--. outstandiuti with objects L_- lolla Canyc-a Oprtons -AptAl6-
cicaly visible at I':' feet c:~th litle vosible back
scatter. T1.e visibility on the bottorn. althnugh not "ny irt'ner kAr3'.n system def~ciewics were-
,ks gctnl r4 in the told-trater dpths. wais superior to corrc-etza .ard O.;iI reizirned to sca en April 6th for
any extperienced in thw Previous halw atres. opera-tioms at 1245-- to, ._0t-fnoo depth on the dloor of
A cour~c of starfish walking f~ rom. the ý'ehicle 0we La jolli Canor.. Thtf I.'cation for this opera7tion
and some scex urchirrq were identifiahie it an 2t- nmtr 1 ý7 lSY.32 il.? S As a'leo noted on the
mated distanco of 8 to 10 feet. chart ffiturc Z). 7recijsion positioninig;of ORBi over

the narrinm 1-! Infl Coevonj was 3t-compljýIthd byv

Lhinited time on Vile bettum did not allowv for using radatr ranges, to the )t-,d of thle Scripos pier.
dietrmimintion 4,f ootimurn track pircesaitre. twiwever 241. to 3 miles avava. ar(I ir-aneit ik'arliggs to O1111
the expericene dict indicate that *,he vehicle would t.tkvn bv a tr,.rsit team on thoý h-adot'~hc pi.-r. Con-

* ~ ~ ~ ~~i~robably have to b-' operatrtt at somi~-thipz ls than tinuous tsdlu vomm.-urcationwbte, R .a h
I rist tra-.k pressurce In order to maneuver Cver Che trineht tearn were nu-iintainud.

sot sediment encountered. In :.ddititon to the gen-
erl loding of the water, caused by the motving ORq -was zowed sdowly :nio rwo,.ition, g'aitled

Vehicle rhurning' up tine býP'Toni. awell-defined. low~ I% tK- irridang team. for the pl.ceffient ofe. e-h if2
*icnsc tuirbiditv cloud -xas ohserved to roll out from anchors set on a northwest-southeast baselftu. at
under the vhidcle andi across the sea flor al a veto- approvira.,!ely one itile sep:Aration. Thie RUM oper-
city ota fe~v inches par second. The hvhgit of th-P aring area xtas ncearly midwayv hetwee the tuv an-
cloud appuared nover to ecerdc_- a few inches. proh- 0c).rs. Fitue 1 shos the approsniate.anchor tin-
ably le-s than one foot. This low Wavyl clouti, plant locuition%- andI he canvoin topoigraphy in the im-

31'
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nwd~ate arm~. 'MTrhedo-,, :ztd fines, 'w.re haI.dd angle. tUsing this wire angle and tihe wire tensioni
from tWe deck of ORB, of ip.vimr'c~atcly ), OXX) tits. 0Me Ca.) COUTte I

horizonta-l force Ccomponent therdnr prosid~ng a
Over 13 hour., of ope-ation on the flo~or of thce rouigh #--,timate of. maximum drawtur puill capabi~lty

c-. 'xon wcre Ligged bmeewn 0130 arnd I."'). April of the vediic!c. The estimsts nbLained tinder these
7ft CCeniiions 171s. R lb~~)qn.

RUM was dr-:ven on a series of cozrscs anJ Ilse n.azripulitor &i T eloyed. ehcllcd out
spt4 Is at track pres-sures from .).25 to I. i psi. It .anti the grip swurtig in an ire scribintg a line acro:ss
was determined tha! a., track provs."re-s in excess cf. rie track deprcession in ar. effort to cstimate its
0.5. ;.s. RUM soon hajggial down in the suft :ccdi- 4e;h.EV.n~tc. by variosns pecqilc present anid
men?-,. The rcecnendtve condition whIerein RUNI vicudný. the act (or IT. varict from 31 to 6 inch;?s.
gained weight from iccurnuhitcd 3ilt ini the tracks Thie tf.ihre icf a power- vonmtltor controlling the
was ga~in experienceti. Mta track pres-sure or i4.25 raiL srtywer fun'ctionof the mazaipuilatouderrick pre-
psi difficultt with stcy.ring wa4 xlrin.d A vented the carrying cart o" any' srie min-tpulation
t'.-rCk preSSure Of t). I ZP 0. 6i Wi 4~ .,'Al Otr Zlit- Tasks.
ircr-Sa1=!vr of the rperatlor-p~odpwv vretkn~teV~ly

vijitrilitv *A-= qulttC good arid i ir~imber of
It was also txioto thb ýhn RU xdie iaodptu- wrokm fthTV isly

.idistance of 89 to 10fc a rmapitdrc- lrilm th1-crforcr- rvnc eod
ly urxker ORB. forward toonwnuld be lost ivdi- ItW of the TW seenv other than the pntiroid saap-
cating that traction slippage had occurred. 'Mis vhip Firces 4 anif .5 are r~.atcof ths.
condition occirs At an estMnit;Ld 5 to 7 degree wire pctur-7s tak-en. In Fzwgitre4 alarge fis:h is seen neair

-IA
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Fig. S. TV- view of sea utW~ns on canyon floor at 1150-ft depth.


